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Research paper

Study of Applying Chiou’s Density Management
Diagram for Growth Evaluation and Thinning Planning

of Cryptomeria japonica Plantations

Chyi-Rong Chiou”  Ching-Peng Cheng””  Wei-Hsun Chan™
[ Summary ]

In this study, a set of Chiou’s density management diagrams (CDMDs) was developed, which
could be easily operated via the mean diameter at breast height (DBH), quadratic mean diameter
(QMD), and stand density for assessment and thinning planning of Cryptomeria japonica planta-
tions. At first, permanent plots of the Forestry Bureau and long-term experimental plots of National
Taiwan University Experimental Forest were collected to debug feedback in the form of a database,
and then we calculated the stand density, DBH, and QMD of each age-class for classification of
the percentile rank (PR). Each of the growth curves representing PR classes were fitted through the
Schnute model, and these were combined to form the basis for establishing age-DBH, age-QMD,
and age-stand density from the baseline curve groups. Overall, the error was below 0.16%, which
showed that the baseline curve groups could be effectively simulated and applied within the scope.
As basic information for evaluation and management of each C. japonica plantation, the baseline
PR50 served as a reference to assess the growth of C. japonica plantations in different regions, but
we also used parameters of each PR curve to predict stand growth. The final curve groups were
combined into CDMDs, which included two statistical characteristics of stand diameters as an age-
DBH-density diagram and an age-QMD-density diagram. For thinning plans, we could refer to
current stand structure, point out the practical positions of the target stand and the corresponding
baseline positions from CDMDs, and further assess the expected growth trajectory after cutting,
which could be used as a benchmark for the thinning intensity or as a schedule for thinning.
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Table 1. Fitted results of the Schnute growth model for each percentile rank (PR) of diameter

at breast height (DBH)

PR Parameter RMSE MAPE R
a b N p) (cm) (%)
PR10 -0.025 3.704 7.4 33.1 0.4122 0.0556 0.992
PR20 -0.021 3.542 8.5 354 0.3260 0.0423 0.995
PR30 -0.018 3.361 9.4 37.0 0.2773 0.0342 0.996
PR40 -0.017 3.320 10.1 38.5 0.2538 0.0327 0.997
PR50 -0.014 3.190 10.8 39.7 0.2514 0.0366 0.998
PR60 -0.012 3.107 114 41.1 0.2674 0.0357 0.998
PR70 -0.010 2.997 12.1 42.5 0.2795 0.0402 0.998
PR80 -0.009 2913 12.9 44.1 0.3127 0.0461 0.998
PR90 -0.006 2.803 14.0 46.3 0.3887 0.0731 0.997

RMSE, root mean squared error; MAPE, mean absolute percentage error.

Table 2 Fitted results of Schnute growth model for each percentile rank (PR) of the quadratic

mean diameter (QMD)

Parameter

RMSE MAPE

PR R?
a b 7 » (cm) (%)
PR10 -0.024 3.640 7.5 344 0.7976 0.1640 0.994
PR20 -0.020 3.457 8.7 36.7 0.8035 0.1419 0.996
PR30 -0.018 3.357 9.6 38.4 0.8185 0.1333 0.998
PR40 -0.015 3.191 10.4 39.8 0.8106 0.1244 0.997
PR50 -0.014 3.162 11.1 41.2 0.8434 0.1209 0.998
PR60 -0.012 3.062 11.8 42.6 0.8702 0.1145 0.998
PR70 -0.011 3.011 12.4 44.1 0.8960 0.1082 0.998
PR80 -0.009 2.892 13.3 45.8 0.9253 0.1034 0.998
PR90 -0.006 2.718 14.5 48.2 1.0047 0.1019 0.997

RMSE, root mean squared error; MAPE, mean absolute percentage error.
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Table 3 Fitted results of Schnute growth model for each percentile rank (PR) of stand density
Parameter RMSE MAPE

PR R?
a b N n (cm) (%)
PR10 0.004 -1.556 1239 365 33.5789 0.0120 0.970
PR20 -0.006 -1.824 1632 447 31.0663 0.0066 0.988
PR30 -0.011 -1.945 1914 506 29.2916 0.0046 0.993
PR40 -0.014 -2.047 2156 557 27.7446 0.0036 0.995
PR50 -0.017 -2.126 2382 604 26.4328 0.0029 0.996
PR60 -0.019 -2.201 2609 651 25.2411 0.0024 0.997
PR70 -0.021 -2.274 2852 701 25.5762 0.0020 0.997
PRS0 -0.023 -2.320 3135 761 29.6485 0.0020 0.997
PR90 -0.026 -2.411 3528 843 35.6569 0.0020 0.997

RMSE, root mean squared error; MAPE, mean absolute percentage error.
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Fig. 3. Fitted curve group of the diameter at breast height (DBH)-age distribution for each
percentile rank (PR).
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Fig. 4. Fitted curve group of the quadratic mean diameter (QMD)-age distribution for each
percentile rank (PR).
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Fig. 5. Fitted curve group of stand density-age distribution for each percentile rank (PR).
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Fig. 6. Simulation results of the residual distributions of diameter at breast height (DBH),
quadratic mean diameter (QMD), and stand density. (a) DBH, (b) QMD, (c) stand density.
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diagram. The thick black line represents the 50 percentile rank (PR50) of the growth baseline.
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Fig. 8. Evaluation results of a high-intensity thinning plot (Weng et al. 2011) in Chiou’s
density management diagram. The red line represents 50 percentile rank (PR50) of the
growth baseline, the black dot represents the baseline position at 28 yr old, the gray dot
represents the baseline position at 36 yr old, the green dot represents the practical position
at 28 yr old, the blue dot represents the practical position after thinning at 28 yr old, the
purple dot represents the baseline position at 8 yr after thinning, the yellow dot represents
the practical position at 8 yr after thinning, and the red dotted lines and black squares are
auxiliary lines and points. For comparison and identification of their relative positions, the
growth baseline and points were extended and repeated.
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Fig. 9. Assessment of long-term growth changes via Chiou’s density management diagram.
The red line represents 50 percentile rank (PR50) of the growth baseline, the green line
represents the plot trajectory of long-term growth, and the dark-green lines and hollow
circles represent the position change before and after wind damage, respectively.
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Table 4. Comparison results of the long-term growth (Cheng et al. 2021) in Chiou’s density

management diagram.

Age TPH DBH / QMD of deviation Evaluation PR deviation
(yr) of simulated age (%) of Density (%)
15 2479 14.9/14.9 0.00 73/73 0.00
(15) 2014 16.5/16.3 1.21 60/ 60 0.00
16 2014 17.0/16.8 1.18 61/61 0.00
17 2000 17.9/17.6 1.68 63/63 0.00
20 1944 19.4/19.1 1.55 65/64 1.54
23 1831 22.1/21.7 1.81 66 /65 1.52
26 1662 24.8/24.6 0.81 65/ 64 1.54
(26) 1183 29.2/28.5 2.40 471746 2.13
27 1183 30.4/29.7 2.30 48 /47 2.08
28 1169 31.0/30.4 1.94 49/48 2.04
31 1141 33.6/329 2.08 50/49 2.00
40 1127 38.6/37.6 2.59 56/55 1.79
50 1099 47.7/46.8 1.89 65/64 1.54
58 1014 56.6/56.9 -0.53 68 /69 -1.47
72 690 74.5/73.4 1.48 55/55 0.00
82 648 83.9/83.8 0.12 60 /60 0.00

(15)* and (26)* represent statistical values after wind damage.

TPH, tree per hectare; DBH, diameter at breast height; QMD, quadratic mean diameter; PR, percentile rank.

Table S. Evaluation results of 4 kinds of thinning simulation

) Remaining PR of Thinning
Treatment DBH Simulated age . L
trees (ha™) estimation rate of TPH

Baseline point (PR50) 28.9 43 968 50 -
Example data 259482 344 1316 61 -
Low Thinning 33.1+6.6 56.6 504 21 61.7
Crown Thinning 25.6+9.5 33.6 762 28 42.1
Selection Thinning 23.0£4.0 27.1 1053 36 20.0
Mechanized Thinning 259+7.5 344 790 29 40.0

The baseline position (50 percentile rank (PR50)) represents the baseline position on the baseline at 43 yr old.

Example data were made by using an EXCEL sheet which is in line with the average diameter at breast height
(DBH) of 25.9+8.2 and the trees per hectare of 1316. TPH, tree per hectare.
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Fig. 10. Evaluation results of four kinds of thinning simulation in Chiou’s density
management diagram.

The red line represents 50 percentile rank (PR50) of the growth baseline, the red dot represents
the baseline position at 43 yr of age, the black dot represents the practical position at 43 yr

of age, the blue dot represents the position after Low Thinning, the green dot represents the
position after Crown Thinning, the gray dot represents the position after Selection Thinning,
the orange dot represents the position after Mechanized Thinning, and the red dotted lines and
black squares are auxiliary lines and points. For comparison and identification of their relative
positions, the growth baseline and points were extended and repeated.
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Fig. 11. Results of four types of thinning simulations.

(a) Low Thinning, (b) Crown Thinning, (c¢) Selection Thinning, (d) Mechanical Thinning.
The black line and blank histogram represent the diameter at breast height (DBH)-class
distribution before thinning, the gray line and gray histogram represent the diameter
class distribution after thinning, and the part surrounded by the black line and gray line
represents DBH-class distribution of thinning trees.
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Chiou’s Density Management Diagram (age-DBH-density diagram). The thick black line
represents the 50 percentage rank (PR50) of the growth baseline.



